ABSTRACT: Citrus is grouped under the salt sensitive crops. Mycorrhizal fungi, a symbiotic relationship between plant roots and beneficial fungi, are supposed to impart the stress tolerance in the host plants. The stress tolerance improved due to Arbuscular Mycorrhizal fungi (AM fungi) colonization can be attributed to enhanced mineral nutrition. In the present study the efforts are made to evaluate the effectiveness of AM fungi with two citrus genotypes under salt stress. Three-month-old seedlings of Karna Khatta (Citrus Karna) and Troyer Citrange (Poncirus trifoliata × Citrus sinensis) were inoculated with the indigenous soil based AM inocula (mixed strains). The salinity gradient was developed by frequent irrigation with NaCl (0, 50, 100, 150 mM w/v). The results indicated that all the physical parameters were affected with increasing salinity. The proline accumulation increased while the chlorophyll, calcium and magnesium contents decreased significantly with increasing salinity. In general, the decreased AM colonization did not show any significant effects under salt stress. 
Citrus is the third most important fruit crop in India with an estimated production of 4.39 mill t from 0.496 mill ha area during 2000 -2001 (Anonymous 2002 . Generally raised by shield budding, citrus is grouped under highly salt sensitive crops. Rootstocks influence tree vigor, water relations, cold hardiness, mineral nutrition, hormonal balance and fruit yield and quality. The tree growth and fruit yield are impaired at a soil salinity of about 2dS/m without any concomitant expression of leaf symptoms (Cerda et al. 1990 ). Though citrus is a glycophyte, the differences in tolerance do exist among species (Mass 1993) and they need to be tested individually.
Mycorrhizal colonization is often thought to increase the ability of salt tolerance in certain plant species (Hirrel, Gerdemann 1980; Ojala et al. 1983) . The mycorrhized plants of Carrizo Citrange (Citrus sinensis L. × Poncirus trifoliata L.) had higher dry weights and lower concentrations of leaf proline, a stress indicator, than the non-mycorrhized plants, irrespective of salinity level (Duke et al. 1986 ). However, detailed information on the role of Arbuscular Mycorrhizal fungi (AM fungi) with citrus is lacking. The selection of rootstock is done with respect to topography, where planting is to be done. Karna Khatta (Citrus karna) and Troyer Citrange (Citrus sinensis × Poncirus trifoliata) are being used nowadays as popular rootstocks in India. This study was therefore undertaken to evaluate the effect of salinity stress on mycorrhiza inoculated Karna Khatta (Citrus karna) and Troyer Citrange (Citrus sinensis × Poncirus trifoliata).
MATERIALS AND METHODS
The mature fruits of Karna Khatta (Citrus karna) -KK and Troyer Citrange (Citrus sinensis × Poncirus trifoliata) -TC, were obtained from the Citrus Germplasm Block of the Division of Fruit and Horticultural Technology, Indian Agricultural Research Institute, New Delhi. Freshly extracted seeds were sown in the earthen pots having potting mixture as decomposed FYM, sand and soil (1:1:1). The pots were irrigated regularly. The three-monthold seedlings of about similar size, selected for the experiment were transferred into plastic containers (20 cm in depth and 20 cm in mouth diameter) having the same potting mixture composition. The pH of the substrate was 7.74 and the electrical conductivity (EC) was 0.126-mmhos/cm before the salt Studies on salt stress tolerance of citrus rootstock genotypes with arbuscular mycorrhizal fungi treatment. The available phosphorus content in the substrate was 63.2 ppm. The soil based mycorrhizal inocula (Glomus sp., Gigaspora sp., spores) procured from the Division of Microbiology, I.A.R.I., New Delhi, were applied (ca. 300 spores/100 g soil) in the root zone (V1 -non-mycorrhized control, V2 -mycorrhized) while transplanting the seedlings. The salinity gradients were developed by regular irrigation with salt water with NaCl (S1 -control, S2 -50, S3 -100 and S4 -150mM w/v).
The physical parameters viz. number of leaves, stem diameter and height of seedling were recorded 90 days after planting (90 DAP). The mean values of three replicates were given. The root colonization by Arbuscular Mycorrhizal fungi (AM fungi) was observed at the end of experiment i.e. 90 DAP. The percentage of root colonization was recorded using the method defined by Phillips and Hayman (1970) .
All the biochemical estimations were done at the end of the experiment, i.e. 90 DAP. The proline estimation was done using the shoot tip portions (stem and leaves) of fresh plant samples according to Bates et al. (1973) , while the chlorophyll estimation was done by using only tender leaves according to Barnes et al. (1992) . The total sugars and reducing sugars estimations were done by the Nelson-Somogyi method using oven dried samples as described by Thimmaiah (2004) .
The macro-and micronutrient analyses were done by using the oven dried whole plant samples. The seedlings were uprooted from pots and washed with dilute acid (HCl N / 10 N) and then rinsed thrice with distilled water. The excess water was wiped with tissue paper and then the seedlings were oven dried at 60°C for three days. The brittle and well-dried plant samples were crushed to a powder and 500 mg of ground sample was digested with diacid solution (HNO 3 and HClO 4 , 9:4). This extract was used for the estimation of phosphorus, potassium, sodium, magnesium, calcium, manganese, copper, iron and zinc. The nitrogen estimation was done by micro Kjeldahl method. All the nutrient analyses were done as per the procedures given by Bhargava and Raghupathi (1998) .
The experiment was conducted as a factorial randomized block design with each treatment replicated thrice. Statistical analysis of the data was done following the methods of analysis of variance (ANOVA) and the means were separated using LSD at p ≤ 0.05 level of significance.
RESULTS AND DISCUSSION

Mycorrhizal colonization
The mycorrhizal infection was observed at all the developed salt levels. With an increasing stress (Fig. 1) . The decline in colonization under stress could be caused by adverse conditions for sporulation and development of spores under unfavorable rhizosphere conditions (Duke et al. 1986 ). The reduced colonization with the salt application was also reported by Hirrel and Gerdemann (1980) and Ojala et al. (1983) .
Physical parameters
All the physical parameters were highly adversely affected by the salinity treatments. The highest salinity level (150mM) proved lethal for the Troyer Citrange whereas Karna Khatta could survive with limited leaf toxicity symptoms (data not given). The plant height, stem diameter and number of leaves significantly decreased under salinity stress (Table 1) . The AM inoculated plantlets responded similarly as the non-inoculated plantlets to an increasing salinity gradient and did not show any significant differences. Moreover, under non-stress conditions the mycorrhizal plants did not differ from non-inoculated plants for growth parameters in both the genotypes (Table 1) .
The decrease in vegetative growth under salinity stress might have been caused by a water deficit (El-Desouky, Atawia 1998; Tozlu et al. 2000) . However, the decline in the mycorrhizal activity due to salinity and the reverse osmosis could be the main reason of their non-significant response. The results related to the effect of AM fungi are also corroborated by Graham and Syvertsen (1989) .
Nutritional parameters
The nutrient uptake by both the genotypes was analyzed in two plant organs viz. the shoot and the root. The most noticeable features were an accumulation of nitrogen, phosphorus and potassium and a decrease in calcium and magnesium in the shoot (Table 2). The root phosphorus and potassium contents decreased, while calcium and magnesium remained unaltered in the increasing salinity field (Table 3) . The phosphorus was found to respond positively to mycorrhization, but other nutrients showed a nonsignificant response to AM fungi under non-stress as well as under stress conditions.
A number of nitrogen-containing compounds, e.g. amides and amino acids, accumulate in plants subjected to stress (Rabe 1990) . The nitrogen accumulation under salinity stress was reported by Zekri (1993) in several citrus rootstocks.
The selective substitution of Na/K resulting in an accumulation of potassium is attributed as a chief Table 2 . Effect of salinity on macronutrients in shoot (%) Salinity levels (NaCl mM) characteristic of salt tolerance (Marschner 1995) . The higher concentration of potassium is a response to balance the increasing concentration of chloride in the shoot (Grieve, Walker 1983), however, the limited Na/K exchange and thus limited sequencing (Walker, Douglas 1983) is responsible for its decreased levels in roots (Table 3 ). The increase in phosphorus increases the photosynthesis activity (Marschner 1995) , thereby balancing the losses occurred due to salinity. The increase in phosphorus with mycorrhization (Tables 2  and 3 ) is well known, however, its increase, decrease or unalteration with respect to salinity is yet to be examined properly (Grattan, Grieve 1992; Tozlu et al. 2000) . Calcium has a key role in a prevention of cell membrane integrity, especially under stress caused by a higher pressure; magnesium is a key element for chlorophyll molecule. The model role of calcium in osmoregulation and K and Na selectivity is defined (Zekri 1993), but the decrease in both the elements (Tables 2 and 3 ) apart from chlorosis needs to be investigated further.
The sodium and chloride increased significantly in the shoots (Table 2 ) and the roots (Table 3) , because NaCl salt was used to develop salinity gradient. Similar reports were documented by Lea-cox and Syvertsen (1993) , Tozlu et al. (2000) and Ruiz et al. (1999) . Besides, with the use of high concentration of NaCl solution (> 0.20 MPa) as in the present study, the Na and Cl exclusion ability of some of the citrus rootstocks might be lost (Zekri 1987) . Furthermore, AM fungi were found to increase the chloride irrespective of salinity. The increased chloride accumulation due to mycorrhization is caused by a carbon drain imposed by mycorrhizal hyphae on plants, which enhances the translocation of highly mobile anions like Cl from soil (Buwalda et al. 1983; Graham, Syvertsen 1989) . Table 3 . Effect of salinity on macronutrients in root (%) Salinity levels (NaCl mM) 
Biochemical parameters
The accumulation of proline varies together with the NaCl gradient (Fig. 2) . Proline and various betaines can function as osmoprotectants and cryprotectants, when accumulated in cells (Nolte, Hanson 1997) . Duke et al. (1986) also reported a similar relationship with a non-significant increase of betaines in mycorrhized plants under stress.
Though a decrease in total chlorophyll contents was observed with increasing salinity, the mycorrhizal plants had higher chlorophyll as compared to non-mycorrhizal under non-stress conditions (Fig. 3) . Chlorophyll decreased under stress due to the suppression of specific enzymes that are responsible for the synthesis of photosynthetic pigments. Similarly, there was a decrease of the uptake of minerals needed for chlorophyll biosynthesis (ElDesouky, Atawia 1998). However, the previous increase of chlorophyll in mycorrhizal plants could be due to the cytokinin-like substances secreted by fungi (Marks, Kozlowski 1973) , which enhance the chloroplast development.
Total sugars, increased as a response to stress (Fig. 4) , could be seen as an osmotic adjustment to lower down the osmotic potential of plant cells (Thanaa, Nawar 1994). However, a positive effect of mycorrhization in sugar accumulation might be because of the hydrolysis of starch to sugars in the mycorrhiza-inoculated seedlings as cells are enveloped and occupied by the fungus (Nemec 1981) . 3 . Effect of salinity on total leaf chlorophyll (fresh wt) KK -C. karna, TC -P. trifoliata × C. sinensis; V1 -without AM fungi, V2 -with AM fungi; S1 -control, S2 -50mM, S3 -100mM, S4 -150mM NaCl (w/v) Fig. 4 . Effect of salinity on total sugars (dry wt) KK -C. karna, TC -P. trifoliata × C. sinensis; V1 -without AM fungi, V2 -with AM fungi; S1 -control, S2 -50mM, S3 -100mM, S4 -150mM NaCl (w/v)
